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Amendments to the Claims 




Claims 1 - 24 (canceled) 

1 Claim 25 (currently amended): A method of searching and updating i ndexes to a database data 

2 store in a multi-processing environment, comprising the steps of: 

3 maintaining two databases indexes to the_data store, database 1 a first index for searching 

4 and a database2 second index for u p da tin g * updating: 

5 responsive to each update of After updating da tabase? the second index, switching the 

6 databases indexes so that the first index hpcoines the second index and the undated database 

7 second index becomes d atabas e 1 the firjt index; and the no ^updated database b e c o mes 

8 database2, 

9 allowing searches that are in Progress at the time of using the first index, before the 

10 switching, to o f th e database to continue until completion after the switching, using what is then 

11 the second index: j 

12 aHowtng after the switctyfag. initiating new searches using what is then the first index: to 

13 initiate in n o w database 1, 

14 when all searches in rfa t abasc2 what is then, alter the switching, the second index have 

1 5 completed, updating datab«c2 what is then the second index in an identical manner as the update 

16 to which the switching step was responsive: and with th e prior u p date that caused to the. 

17 database sw it ch, / ) 

18 preventing another operation of the switching step database switch until completion of the 

19 step of updating the second index in the ide ntical mannw * ftg . r i h* w d ap Yu i k M i' njfr 4wd- 
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Claim 26 (canceled) 

Claim 27 (currently amended): A progn an product storage medium containing computer 
instructions that when executed in a con puter perform a method of searching and updating 
indexes to a database data store in a multi-processing environment, the method comprising the 
steps oft 

tum ^fa4*hawM mde ds to the data store, database* a first index for searching 
and a riatahaseg second index for updatme, updating; 

responsive to each update of aftu^updatiim daUkuifl the second index, switching the 
.Wj i hw.* injgvfg sn that the first index becomes the second index and the updated database 



second index becomes database 1 the first ihdex: and th e , a o n-updalul iLitakm becomes 
da tabase^ 

allowing searches that are m progre ss at the time of using the fi rst index, before the 
switching, to of tile database to continue utfrtfl comple tion after the switching, using what is then 
the second index; inuuw database.!, 
after the switching, initiating i 
initi a t e i n b o w database 1, 

when all searches in databases what is then, after the s wfrchmp t he second index have 
completed, updating database! what is then the second index in an identical manner as the update 




new searches using what; is then the first index; to 



to which the switenfap ; ste p was responsive: and wi t h t he prior updat e tha t caus e d to t he last 



da t abase s witch; 
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2 0 preventing another operation of the switching step tfatafca$«wttdi until dflu ll^laM step 

21 mmukiuL completion of the step o f updating the second index in the identic 




Claim 28 (canceled) 



1 Claim 29 (currently amended): A computer program product fbL^erializing data structure 

2 retrievals and updates in a multi-processing computer system/the computer program product 

3 embodied on one or more computer-readable media and comprising: 

4 computer-readable program code means for creating two identical database data 

5 structures, each representing an initial state for accessing a single copy of stored data; 

6 computer-readable program code meaner For performing searches against a first of the two 

7 database s data structures, said the computei^readable program code means for performing 

8 searches further comprising a first program instruction for incrementing a search use count for the 

9 first data structure atomically during each search to insu re ensure no interference from other 

10 processes during that search and a Second instruction for decrementing the search use count for 

11 the first data structure atomicaltfr after performing the each search; 

1 2 computer-readable program code means for performing a first update against a second of 

13 the two d atabases data structures, yielding a revised d a tabase data structure ; 

1 4 computer-readable program code means for switching the first da t abas e data structure and 

15 the revised databtee data structure, responsive to completion of the computerr-ri^dable^rogram 

16 code means tor performing the first update, such that the first database data structure becomes 

17 the second database data structure and the revised database data structure becomes the first 
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18 database data structure, said the computer-readable program code means for switching i 

1 9 databases data structures farther comprising a third instruction for re-ordering datafr fae data 

20 structure pointers atomicaily to prevent interference from other processes during operation of the 

21 computer-readable program code meansfor switching: and 

2 2 computer-readable program code means for pei fomiiue a pplying after operation of the 

2 3 computer-readable program code means for switching, a second thcmst update against the 

24 second database data structure, yielding a s vniliiuiii/jul database/ second data structure that is 

25 structurally identical to the first database data structure: 

2 6 said the computer-readable program code means/for performing searches further 

2 7 comprising computer-readable program code means ior activating the fast-mentioned computer- 

28 readable program code means for uafuiuiiim a y£und applying the first update against the 

2 9 second da t abase data structure when the sear/h use count for the now second database data 

30 structure has a value indicating that no s^rches are being performed against the second data 

31 structure i s zero. 



1 Claim 30 (currently amended): /The computer program product according to Claim 29, further 

2 comprising: 

3 computer-readahfe program code means for obtaining an exclusive lock on the second 

4 data structure prior tp operation of the computer-readable program code means for performing 

5 the first update; \ 

6 computer-readable program code means for releasing the exclusive lock after operation of 

7 the computer-readable program code means for performin g t he sec o nd applying the first update 
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g and- the coiupula-fcadablc piugiau* ccklc imam fui &wM)iJig . 

Claim 31 (current^ amended): The computer prograto product according to Claim 29, wherein 
the computer-readable program code means for performing the first update further comprises 
computer-readable program code means for queuing a transaction that specifies? ppe or; more data 
structure traversal and one or more data structure modifications that were performed to yield the 
revised data structure , and wherein the computer-readable program code means for pctfoiming 
the second a pplying the first update further comprises computer-readable program code means 

7 for jv^rminp the one or more data structure trave rsal and the one or mote modifications 

8 specified in the queued transaction a pplying the q ueued tr ansac t ion against the second database 

9 data structure that results from operation/of the computer-readable program code means for 
10 switching. / 

1 Claim 32 (currently amended): The obmputer program product according to Claim 29, further 

2 comprising computer-readable program code means for performing a subsequent update against 

3 the synch ro nized database second oata structure that results from operation of the computer- 

4 readable program code means for/pcrfenniiig the Acc o n d applying the first update; and wherein 

5 operation of the computer-readable program code means for performing the subsequent update 

6 causes another operation of the computer-readable program code means for switching and the 

7 computer-readable program <pde means for applying , 

1 Claim 33 (currently amend* 
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updates in a multi-processing computer system, the computer system < 

means for creating two identical database data structures, each representing an initial state 

for accessing a sin gle copy of stored data; 

means for performing searches against a first of the two Abases data structures, said fee 
means for performing searches further comprising means foytementing a search use count for 

first Hatfl structure caiUAuuch atomicall y to insure daring each search to ensure no 
interference from other processes during that search aptt means for atomically decrementing the 
search use count fo r the ft** data structure after performing starch ; each searc h; 

means for performing a first update agaijfct a second of the two databases data structures, 
yielding a revised database data structure ; 

means for switching the first database data structure and the revised database data 
structure, respnnsive to completion of thfe means for pe rforming the first update, such that the 
first database data structure becomes p& second database data structure and the revised database 
Hnt n ^tnir*iirg becomes the first dat abas e data structure, said fee means for switching the 
da t abases structures farther Comprising means for reordering database data structure 
pointers atomically to prevent /interference from other processes during operation of the means for 
switching ; and 

means for a pplvW per fo rming, after switching the da t abas e s data structures , a second the 
firct update flgninst tt>«/feecnrid database data structure, yielding a MmJiiuulLui database, second 
data structure that is/structuralry identical to the first database data structure : 

said fee means for p erformin g searches further comprising means for activating the last* 
^w rt irm e d merits for performin g a sec o nd applying the first update against the second da t abase 
Serial No. 09/753,992 -8- Docket RSW919990130US1 
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data structure when the search use count for the now second database is zero \ 



data 



structure has a value indicating that no searches are being performed against tfte second data 
structure . 

Claim 34 (currently amended): The system according to Claim 33; further comprising: 

means for obtaining an exclusive Jock on the second dma structure prior to operation of 

the means for performing the first update; and 

means for releasing the exclusive lock after operation of the means for applying the first 

pe rfor ming t he second update and the means fo r swelling . 



1 Claim 35 (currently amended): The system according to Claim 33, wherein the means for 

2 performing the first update further comprises means for queuing a transaction that specifies one 

3 or more data structure traversal and oqe or more data str ucture modifi cations that were 

4 performed t o yield th e reviggrf da t a structure, and wherein the means for p e rfor ming t h* * fy*rri 

5 applying the first update farther comprises means for performing the one or more data structure 

6 traversals and the one o r more <ffla structure modifications specified in the Queued transaction 

7 applying the qucuul tiamaitiyfci against the second database data structure that results from 

8 operation of the means for/&witching. 



1 
2 
3 



Claim 36 (currently/mended): The system according to Claim 33, further comprising means for 
performing a subsequent update against the Ajmluuiiiijcd database, second data structure that 
results from^peration of the means for pcifoiming t he second applying the first update; and 
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wherein operation of the means for performing the subsequent update causes another option of 
the means for switching *md the means for applying. 

Claim 37 (currently amended): A method for serializing data structure retrievals and updates in a 
multi-processing computer system, comprising the steps of: 

creating two identical database data structures, each rerareseifting an initial state for 
accessing a gm ple copy of stored data; 

performing searches against a first of the two databas e s data structures, the said 
performing searches step further comprising the step of kicreroenting a search use count for th e 
first data structure atomicalrv during each search to ensure while imuring no interference from 
other processes durin g the search and the step of decrementing the search use count for the first 
data structure atomicaflv after performing the ea^h search also while insuliilg no hilufuuni fluiu 
othe r p ioa e sses ; 

performing a first update against a/Second of the two databases data structures, yielding a 
revised da t abase data structure: 

cwfrching the first datafeasc, data structure and the revised database data structure. 
responsive to completion of the/step of performing the first update, such that the first database 
data structure becomes th^second database data structure and the revised database data structure 
becomes the first da t aba se data structure, said the step of switching the databases data structures 
further comprisin g the step of re-orderine database data structure pointers while preventing 
atomicalrv toprevent interference from other processes during operation of t he switching step: 
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performing ax»Ejyjng, after the switching step, of databases, abscond thcfirgt upda^/ 
T^2i against the second database dM^ttugnus, yielding a tjmJmmiiul database gecopUpfr Structure 

22 that is structurally identical to the first database data structure; / 

23 saM the^tea^ performing searches farther comprising the step of acgfrating the tet= 

24 rrrr^ » ftf TP™ 1 ? the first update fu i uufuiuium a mxpoA u pd afc against the second 

25 database data structure when the search use count for the now second databa&i ia urn data 

26 stnicture has a value indicating that no searches are b eing perforated against the second data 

27 structure . / 

1 Claim 38 (currently amended): The method accordmgto Claim 37, further comprising steps ofi 

2 obtaining an exclusive lock on the second>flata structure prior to performing the first 

3 update; and / 

4 releasing the exclusive lock after u&fuuuiug the seco nd a p plying the first update and-the 

5 Mniilchiiig . / 

1 Claim 39 (currently amendedl/xhe method according to Claim 37, wherein the step of 

2 jw^fc^mg tw. <w itpHftt/ Anther comprises the step of queuing a transaction that specifies one 

3 nr more data stnicture4raversals and one or more data str ucture modifications that were 

4 performed to vieloVthe revised data structure, and wherein the step of performing the second 

5 ap plying the first update further comprises the step ofperforming the one or m ore data structure 
g traversal and the one or more, data structure modifications specified in applying the queued 

7 transaction against the second uataba&c data structure that results from operation of the switching 
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Claim 40 (currently amended); The method according to Claim il* further comprising the step of 
performing a subsequent update against the syuihr o nizcd data p asc second data structure that 
results from p erfor min g the second applying the first update/ and wherein the step of performing 
the subsequent update causes repeating the switching ste^ and the applying step. 
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Claim 41 (new); A method for serializing data retrievals and updates in a computing 
environment, comprising steps of 

creating two identical indexes, each representing an initial state for accessing stored data 
and each indexing a single copy of the stored \ 

performing searches against a first of the two indexes; 

performing a first update against a second of the two indexes, yielding a revised index; 
serializing information on how y\e first update affected the second index, including how 
the second index was traversed for making the first update and how the second index was 
modified in the first update; 

switching the first index ind the revised index, responsive to performing the first update, 
such that the first index becomes the second index and the revised index becomes the first index; 

applying, after the Switching step, the serialized information to the second index, using the 
information about how the second index was traversed and modified to efficiently traverse and 
modify the newly-switched second index* thereby yielding a second index that is synchronized 
with, and structurally identical to, the first index; and 
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performing subsequent searches against the first ifidex. 

Claim 42 (new): the method according to Claim aL further comprising the step of performing a 
subsequent update against the second index that itesutts from applying the serialized information; 
and wherein the step of performing the subsequent update causes repeating the serializing, 
switching, and applying steps. 



1 Claim 43 (new): A method of serializing access to data in a computing system, comprising steps 

2 of: 

3 maintaining two trees as indexes to the data, a first of which is used for searches and a 

4 second of which is used for updater operations, each tree having a use count associated therewith; 

5 carrying out searches using the search tree, further comprising the steps oft 

6 determining, for ^each new search request, which of the trees is currently the search 

7 tree; 

8 incrementing tfrie use count for the search tree; 

9 performing tne new search request using the search tree; and 

I o decrementing the use count for the search tree, responsive to completion of the 

II performing step; and 

1 2 carrying out eajih update using the update tree, further comprising the steps oft 

13 deten^Kning which of the trees is currently the update tree; 

1 4 performing an update against the update tree; 

1 5 seij5alizing a record of how the update aflfected the update tree; 
SerialNo. 09/753,992 -13- Docket RSW919990130US1 
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1 6 switching the update tree to become tife search tree and the search tree to become 

17 the update tree, responsive to completion of the sjeps of performing the update and serializing the 

18 record; and 

1 9 applying the serialized record to the newly-switched update tree, provided that the 

20 use count for the newly-switched update tree has reached a value that indicates that no search 

2 1 requests are currently being performed against this newly-switched update tree, delaying the step 

22 of applying the serialized record/tf necessary until the use count for the newly-switched update 
2 3 tree has reached this value, and wherein the step of applying the serialized record ensures that 
24 both the search tree and me update tree reflect each update. 



1 Claim 44 (new): *phe method according to Claim 41, wherein the indexes are implemented as 

2 trees. 



1 Claim 4y<new): The method according to Claim 41, wherein the indexes are implemented as 

2 hash t&bles. 
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